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FY18 Milestones and Publications
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FY18 Achieved

Energy Capacity (Wh) >15 Õ

Discharge Current (mA/cm2) >30 Õ

Energy Efficiency(%) >80 Õ

Capacity Utilization (%) > 70 Õ

Cycle Number >100 Õ

2-stack Cell (Wh) > 15 Õ

Publications 3 SCI
3 (published), 

1 (revision)

Presentation 5 10 presentations(3 invited)

2018

1. ñAn intermediate-temperature high-performance 

Na-ZnCl2 batteryò ACS Omega (revision)

2. ñDecorating betaǌ-alumina solid-state electrolyte 

with submicron Pb spherical particles for improving 

Na wettability at lower temperaturesò J. Mater. 

Chem. A (web published)

3. ñ¡Ni-less¡cathodes for high energy density, 

intermediate temperature Na-NiCl2batteries.òAdv. 

Mater. Interfaces 5, 1701592 (2018).

4. ñAn advanced Na-NiCl2 battery using bi-layer 

(dense/micro-porous) ɓǌ- alumina solid-state 

electrolytesò J. Power Sources 396, 297 (2018). 



Outline
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Introduction

Cathode development

Polymer durability

Na wettability

Large cell testing



Pros & Cons of Na-Metal Halide Batteries
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Ç Na-Metal Halide (Na-MH or Zebra) Battery: (FZ Sonic, GE, Chaowei, etc.)
2Na + NiCl2Ú 2NaCl + Ni (T=280 oC, 2.58 V)

Zebra (280oC) ITNa-MH (~190oC)

Pros

o Easy cell assembly:

Noneed of metallic sodium

o Low fire hazard: 

All inorganic compounds

o Safe cellfailure mode:

3Na + NaAlCl4Ý 4NaCl + Al 

o Easy cell assembly
o Low fire hazard
o Safe cellfailure mode
o Lower operating temperature
o Low cost (~$100/kWh)
o Simple BMS
o Longer cycle life

Cons
o Highoperating temperature
o High cost (~$1000/kWh)
o Complicated BMS

o Newtechnology
o Maturity



Schematic View of Na-NiCl2 Batteries
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Nat. Commun. 7, 10683 (2016).

Na-NiCl2 Batteries Operated at 190 vs 280oC
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Charge: 20 mA, 2.8 V

Discharge: 25 mW/cm
2
 (30 mA), 2.0 V

Testing time: Over 1000 cycles (1 year and 6 months)
Capacity retention: 
Ç No degradation was observed at 190oC
Ç Fast capacity degradation at 280oC
Ç Rapid particle growth observed for Ni and NaClat 280oC
Ç No significant changes observed for the cathode at 190oC



Adv. Mater. Interfaces 1701592 (2018).

Lowering Ni Contents at 190oC
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Unpublished

Long Term Cycling of Cells Sealed with 
Polymers
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y=2.6667+2.17e-5x

~6,000 cycle 

2.36307-4.945e-5x

~10,000 cycle

Ç Current cycle number > 2400 cycles (~3 
years)

Ç Extrapolated cycle number > 6000 cycles 
for remaining 60% capacity

Ç Stable cell performance for the operating 
temperature of 225oC



J. Mater. Chem. A (in press)

Improving Na Wettability at Lower Operating 
Temperatures
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Ç Surface tension of Na (200 mN/m) >> H2O (73 mN/m)

Surface modification:
Ç Pbacetate heat treatment (N2)
Ç Superior Na wettability for 

400oC treatment
Ç Spherical micron Pbparticles  


